We present spectroscopy of binary quasar candidates selected from Data Release 4 of the Sloan Digital Sky Survey (SDSS DR4) using Kernel Density Estimation (KDE). We present 27 new sets of observations, 10 of which are binary quasars, roughly doubling the number of known g < 21 binaries with component separations of 3 ′′ ≤ ∆θ < 6 ′′ . Only 3 of 49 spectroscopically identified objects are non-quasars, confirming that the quasar selection efficiency of the KDE technique is ∼ 95%. Several of our observed binaries are wide-separation lens candidates that merit additional higher-resolution observations. One interesting pair may be an M star binary, or an M star-binary quasar superposition. Our candidates are initially selected by UV-excess (u − g < 1), but are otherwise selected irrespective of the relative colors of the quasar pair, and we thus use them to suggest optimal color similarity and photometric redshift approaches for targeting binary quasars, or projected quasar pairs. From a sample that is complete on proper scales of 23.7 < R prop < 29.7 h −1 kpc, we determine the projected quasar correlation function to be W p = 24.0± 16.9 10.8 , which is 2σ lower than recent estimates. We argue that our low W p estimates may indicate redshift evolution in the quasar correlation function from z ∼ 1.9 to z ∼ 1.4 on scales of R prop ∼ 25 h −1 kpc. The size of this evolution broadly tracks quasar clustering on larger scales, consistent with merger-driven models of quasar origin. Although our sample alone is insufficient to detect evolution in quasar clustering on small scales, an i-selected DR6 KDE quasar catalog, which will contain several hundred z ∼ < 5 binary quasars, could easily constrain any clustering evolution at R prop ∼ 25 h −1 kpc.
INTRODUCTION
Cosmologically, quasars can now be explained as one spectacular stage of an evolutionary process, initiated by gas-rich galaxy mergers, that ultimately helps redden elliptical galaxies (see, e.g., Hopkins et al. , 2007a . That quasar activity might trace the early stages of merger-driven galaxy evolution makes quasar observations an essential ingredient in constraining galaxy formation scenarios. On the other hand, less luminous Active Galactic Nuclei (AGN), particularly at low redshift (z ∼ < 1), may be better explained by less violent fueling mechanisms (e.g., than the mergers that drive quasars' optical intensity. Given that orientation can complementarily explain many dif-ferences between the AGN zoo (e.g., Antonucci 1993; Elvis 2000) , new AGN constraints over a broad range of luminosity, particularly across z ∼ 1, may be key to determining which elements of quasar behavior are mainly structural, and which are mainly evolutionary.
If quasars are associated with galaxy mergers, observations of binary quasars with proper separations comparable to the scale of small galaxy groups should offer interesting constraints. It has generally become accepted that most quasar pairs at similar redshifts that have image separations ∼ > 3 ′′ , are binary quasars rather than lenses (Phinney & Blandford 1986; Bahcall et al. 1986; Kochanek et al. 1999; Rusin 2002; Oguri 2006) . AGN activity can be exacerbated by tidal forces in galaxy mergers (Barnes & Hernquist 1996; Bahcall et al. 1997) and it has long been argued that this might explain an excess of binary quasars (Djorgovski 1991; Kochanek et al. 1999; Mortlock et al. 1999 ) and physical triples (Djorgovski et al. 2007 ). Hopkins et al. (2007b) suggest instead that a binary quasar excess simply reflects the increased probability for mergers to occur in regions that are overdense on small scales. If quasars form in mergers they will thus be naturally more biased at small scales. Hopkins et al. (2007b) further argue that orbits for which quasar activity might be exacerbated in both of two merging galaxies are prohibitively rare, even if few such events are needed to explain a binary quasar excess (Myers et al. 2007b; henceforth M07b) .
The Sloan Digital Sky Survey (henceforth SDSS; York et al. 2000) has renewed interest in binary quasars, and Hennawi et al. (2006; henceforth H06) have used SDSS data to categorically confirm earlier evidence (e.g., Djorgovski 1991; Hewett et al. 1998 ) that quasar clustering is enhanced on comoving scales ∼ < 100 h −1 kpc (proper scales of ∼ < 40 h −1 kpc at z ∼ 1.5). Binary quasars are scarce, with perhaps fewer than five hundred in the entire sky to g ∼ < 21, redshifts of z ∼ < 2.5, and comoving separations ∼ < 100 h −1 kpc (given the sample size in M07b). Deep, wide imaging, such as from the SDSS, is thus key to testing predictions of the nature of binary quasars; for instance, by studying quasar clustering as a function of redshift or luminosity. If enhanced small-scale quasar clustering is due to the enhanced bias of major galaxy mergers, rather than tidal forces exacerbating quasar activity, then there should be no redshift evolution in the relative bias of quasar clustering on large and small scales. Further, some merger-driven models predict stronger small-scale clustering for quasars than for lower-luminosity AGNs, due to different fueling mechanisms (e.g., Hopkins et al. 2007b) .
Binary quasar samples are typically assembled from pairs that are initially targeted as possible gravitational lenses (e.g., Mortlock et al. 1999; H06) . Because of this, the two members of most known binary quasars have similar colors. Although color similarity may be optimal in detecting lenses, scatter in the quasar color-redshift relation (e.g., Richards et al. 2001) dictates that strict color similarity cannot select all binary quasars. As binary quasars are useful in testing merger-driven models of quasar activity, it is disconcerting that color similarity cuts might discard particularly informative binaries, such as any that are being exacerbated by tidal forces in merging galaxies. Further, as binary quasars are scarce, relaxing color criterion might help provide enough binaries to study their redshift evolution.
We have now performed spectroscopy of a sample drawn from a complete, UVX (u − g < 1) set of SDSS Data Release 4 (henceforth DR4; Adelman-McCarthy et al. 2006 ) binary quasar candidates (see Table 1 of M07b). The sample, ∼ 45% of which has now been identified, is photometrically selected using the Kernel Density Estimation (KDE) technique of Richards et al. (2004) . Our aim is to compile an extensive, homogeneous set of binary quasars, with proper separations ∼ < 40 h −1 kpc, mainly to study quasar clustering on small scales, ultimately as a function of redshift. Most of our binary candidates are unlikely to be observed in the main SDSS quasar survey (e.g., Schneider et al. 2007 ), because our observations probe fainter, and because SDSS fibers (in single tiles) cannot be placed closer than 55 ′′ . Our approach differs from previous studies of binary quasars. In particular, our main goal is to study binary quasars, not gravitational lenses (unlike the samples compiled in, e.g., Kochanek et al. 1999; Mortlock et al. 1999; H06) . Thus, excepting our initial UVX cut, our binaries are the first sample selected regardless of the relative colors of the component quasars. This allows an investigation of whether color similarity can be used to optimally target binary quasars ( §3).
In §2, we discuss our initial results in compiling a homogeneous, spectroscopic binary quasar sample from the SDSS, and report 27 sets of new observations of binary quasar candidates. In §4 we use a subset of these observations to present the first analysis of quasar clustering on small scales using a complete spectroscopic sample of binary quasars. All our binaries are selected from the DR4 KDE candidates of M07b, and are therefore a straightforward subset of SDSS DR4, making our selection function very simple. We correct all magnitudes for Galactic extinction using the maps of Schlegel, Finkbeiner & Davis (1998) , unless otherwise noted. We adopt Ω m = 0.27, Ω Λ = 0.73, consistent with WMAP3 , and h ≡ H 0 /100km s −1 Mpc −1 = 0.7. We denote transverse proper (comoving) scales as R prop (R) and radial proper (comoving) scales as s prop (s). Our candidate binary quasars are photometric objects in SDSS DR4 that are classified as quasars by the KDE technique (Richards et al. 2004) , have u − g < 1, g < 21, and are within 3
′′ to 6 ′′ of another such object. The SDSS ugriz filters are described in Fukugita et al. (1996) . As in M07b, we inspect our candidates and discard any that are clearly not quasars (close KDE candidates are occasionally misclassified H II regions in low-redshift galaxies). We restrict our spectroscopy, and analysis, to quasar pairs with angular separations of ∆θ > 3 ′′ , so that components of a pair appear clearly separated in SDSS imaging (e.g., H06). Although scales that are comparable to small galaxy groups or smaller are most useful in testing merger models of quasar activity, our upper limit of ∆θ < 6 ′′ is somewhat arbitrary, providing a reasonable number of candidates for a small spectroscopic study. Table 1 of M07b lists our 98 DR4 candidate binaries (and a further 13 candidates with ∆θ < 3 ′′ ). At g < 21 the KDE technique, coupled with a UVX (u − g < 1) cut, selects quasars with 95% efficiency, and is over 95% complete for redshifts of 0.2 ∼ < z ∼ < 2.4 (e.g., Richards et al. 2004; Myers et al. 2006 Myers et al. , 2007a . Our survey goal is an efficiently classified, statistical, sample of binary quasars, which are UVX but are otherwise selected irrespective of the relative colors of the components of the binary. At z ∼ < 2.5, our selection should thus only bias our sample against those binaries where one or both component quasars is reddened beyond u − g = 1.
Spectroscopy
Spectroscopy of our DR4 KDE binary quasar candidates was obtained with the R-C Spectrograph on the Mayall 4-m, over 5 nights (UT 2007 February 22-26) at Kitt Peak National Observatory. We used a 1.5
′′ by 98 ′′ long-slit set at the position angle of the candidate binary, allowing both components to be simultaneously observed. The KPC-10A grating and WG360 blocking filter yielded a resolution of ∼ 5Å and a wavelength coverage of ∼ 3800-7500Å. The most useful observations were obtained on February 25 and 26, due to cloud and wind on other nights. Over February 25 and 26, the seeing was ∼ < 1.5 ′′ , allowing even our closest binary candidates (∼3 ′′ ) to be spatially separated. The survey goals were a positive identification and redshift for each DR4 KDE binary candidate. This typically required a 15 minute exposure when the faintest member of the candidate binary was at g ∼ 19.5 and three 20 minute exposures (or longer) for g ∼ 21, although the ∼ > 70% illuminated Moon on February 25 and 26 typically prevented our g ∼ 21 candidates from being spectroscopically identified.
Spectra were reduced at the telescope, using IRAF 9 . Exposures ceased once a binary candidate could be identified as; (1) containing one star or galaxy; or (2) containing two quasars with established redshifts. We estimate redshifts using the rest frame emission wavelengths listed in Table 2 of Vanden Berk et al. (2001) . Based on deriving redshifts, where possible, from several different lines in each quasar's spectrum, our typical error is ∆z ∼ 0.0031. A similar approach suggests a mean velocity precision of ∼ 370 km s −1 , with little redshift dependence. We note that this is likely an overestimate, as velocity differences between quasars are usually found to be more precise when cross-correlating the full spectra, rather than measuring line shifts (e.g., Tonry & Davis 1979; Djorgovski & Spinrad 1984) .
Tables 1a-1d detail our new observations. Table 1a lists objects for which we obtained an identification for only one member of the candidate binary. Table 1b lists confirmed binary quasars. Following H06, we classify quasar pairs with a line-of-sight velocity difference of |∆v | < 2000 km s −1 (s prop < 9.5 h −1 Mpc atz = 1.4) as a binary. Table 1c lists DR4 KDE binary candidates that are actually "projected" quasar pairs (with components that lie at different redshifts), or pairs in which one object is not a quasar. When both redshifts listed in Table 1c have some uncertainty, a binary quasar interpretation can still be ruled out, based on strong lines observed in both quasars but at discrepant wavelengths. Pairs that are harder to definitively identify are listed in Table 1d (see §2.2.2).
In all, we spectroscopically identified 49 objects, mainly in areas with Galactic absorption A g ∼ < 0.17. Of these identified objects, 44 are both members of 22 candidate quasar pairs, and 5 are objects from pairs for which we identified only one member. Of the 49 identified objects 46 are quasars, confirming the KDE technique is ∼ 95% efficient for A g ∼ < 0.21 (Myers et al. 2007a) . Of the 22 candidate quasar pairs for which we identified both components, 3 are quasar-non-quasar pairs, 9 are projected quasar pairs (i.e. at disjoint redshifts), and 10 are binary quasars. Several of the 10 binary quasars could, in fact, be previously unrecorded lenses; see §2.2.1). In Table 2 we list previously known quasar pairs that also meet the criteria to be included in our DR4 KDE binary candidate sample. Previously known candidates include 12 non-binaries, 9 binaries, and 2 lenses. Approximately half of the 98 (3 ′′ ≤ ∆θ < 6 ′′ ) DR4 KDE candidates have now been spectroscopically identified (see Table 3 ). With the caveat that bright objects may have been observed first, ∼ 42% of the candidate pairs are binary quasars, and only ∼ 16% of the pairs contain a non-quasar.
Interesting Spectroscopic Pairs

Potential Lenses
Five pairs in Table 1b have sufficiently similar spectra, at our ∼ 5Å resolution, that they might be a lensed quasar rather than a binary. As lenses with image separations in the range 3 ′′ ≤ ∆θ < 6 ′′ are rare (e.g., Inada et al. 2007) , particularly for z ∼ < 2, we interpret these objects as binaries (see also Kochanek et al. 1999 ), although they certainly merit higher-resolution spectroscopy. A lensing interpretation is especially unlikely for the three possible lenses used in our clustering analysis ( §4), which have ∼ 5 ′′ separations and, in two cases, dissimilar colors. In Figure 1 we display the spectra of our most likely lens candidates. SDSSJ1158+1235A and B, in particular, have almost identical spectra at our resolution. Table 1d , lists four candidates that we could not definitively identify. We conclude that two of these objects are binaries, for the following reasons, quoting all wavelengths in the observed frame.
Notes on Ambiguous Binaries
SDSSJ093424.32+421130.8 and SDSSJ093424.11+421135.0 consist of a quasar at z = 1.339 and a featureless spectrum (after 4200s of exposure). SDSSJ093424.11+421135.0 is faint (observed g = 21.01), probably a star, and has no obvious emission near 4460Å or 6550Å, the principal emission lines used to identify SDSSJ093424.32+421130.8. We therefore conservatively conclude that this is not a binary quasar.
SDSSJ120727.09+140817.1 and SDSSJ120727.25+140820.3 both have ambiguous redshifts. The fainter object (observed g = 20.39) has broad emission at 4320Å, and near 7840Å at the red edge of our coverage. Although the brighter object (g = 20.27), has possible, low signal-to-noise ratio, emission near 4340Å we discount it based on the 4320Å emission in the fainter object being strong, and that the objects are, obviously, observed under similar conditions. We tentatively conclude that this pair is not a binary quasar.
SDSSJ1235+6836A,B (see Figure 2 ) are an interesting pair with highly dissimilar colors. SDSSJ1235+6836B is apparently a quasar with significant broad emission near 3895Å and 7050Å and weaker emission near 4790Å. SDSSJ1235+6836B is most likely a quasar, with probable broad emission near 3910Å and possible emission near 4820Å, lying behind a classic M star observed at the red end of the spectrum. As ∼ < 3900Å, is near the blue edge of our coverage, an alternative possibility is that one or both objects are just M stars with very strong, blended Ca II H and K emission. Assuming the proper motion of the M star(s) is moderate, this object may look more or less like an M star-quasar pair over time.
SDSSJ1507+2903A,B have strong emission near 5250Å and 5215Å, respectively. Neither spectrum has additional features over 3800-7500Å, and so we assume that the emission is Mg II, placing both quasars at z ∼ 0.87. The ambiguity for this pair is that their redshifts imply |∆v | = 2100 km s −1 . As a shift of δz < 0.0005, far smaller than our typical precision, can bring these quasars within |∆v | < 2000 km s −1 , we identify this pair as a binary.
COLOR SELECTION OF BINARY QUASARS
To study relative color selection of binary quasars, we use the χ 2 color similarity statistic introduced by H06
where the subscripts 1 and 2 represent the components of a pair. The superscript i refers to flux (f ) in the 5 SDSS bands (ugriz). For asinh magnitudes (m)
where P = 2.5/ ln 10 (Pogson 1856), F 0 = 3630.78Jy, and Lupton et al. 1999; Stoughton et al. 2002) . A quasar pair with more similar colors has a lower χ 2 color . Iterative equations for calculating A in Equation 1 can be ill-conditioned for χ 2 color ∼ > 30, so, throughout this work, we numerically determine A by bisection.
Binary quasars are often pairs rejected from gravitational lens searches, and as such, the components of known binaries typically have very similar colors, a long-known example being SDSSJ1637+2636A,B (χ 2 color = 2.8; see Table 2 ; Sramek & Weedman 1978; Djorgovski & Spinrad 1984) . Schemes designed to optimize binary quasar searches by selecting pairs with similar colors, will, therefore, naturally reselect known binary quasars. Our DR4 KDE objects are simply all candidates with a high probability of being quasars and thus, after the initial homogeneous UVX cut, are selected irrespective of the relative colors of the components of the pair. The UVX cut itself, at z ∼ < 2.5, should only bias our sample against those binaries with a component that is intrinsically dust-reddened beyond u − g = 1. Our sample should thus be useful in determining color similarity cuts to optimize binary quasar selection. However, some of the quasar pairs in Table 2 were selected by H06 to have χ 2 color < 20; as we avoided reobserving these pairs, our data in Tables 1b-1d may be biased to χ 2 color > 20. In the upper-left panel of Figure 3 , we demonstrate that the χ 2 color values of the DR4 KDE binary candidates identified to date fairly represent the full sample. We compare the cumulative fraction of the 45 identified candidates (i.e., Table 3 ) to the remaining 53 (3 ′′ < ∆θ < 6 ′′ ) candidates, as a function of χ 2 color . A two-sample Kolmogorov-Smirnov test cannot distinguish the distributions, suggesting that the colors of the observed candidates fairly represent all candidates. The upper-right panel of Figure 3 compares the χ 2 color cumulative probability for the 21 confirmed binary quasars (or lenses) and the 24 confirmed non-binaries (projected quasar pairs, star-quasar pairs, NELG-quasar pairs). The K-S test probability that these two distributions are drawn from the same underlying χ 2 color distribution is ∼ 10%, suggesting that χ 2 color can indeed discriminate binary quasars from non-binaries.
As our candidates are selected without a χ 2 color cut, we can ask what χ 2 color limit optimizes completeness (number of binaries/21 total binaries) and efficiency (number of binaries/45 observed candidates). To sample ∼ > 50% ( ∼ > 66%) of binary quasars requires χ 2 color ∼ < 10 (χ 2 color ∼ < 20), efficient at 70% (55%), while χ 2 color ∼ < 70-100, contains 95% of all binaries (only missing the "ambiguous" SDSSJ1235+6836A,B) and remains 50% efficient. A χ 2 color < 70 cut rejects all but one quasar-star pair, while retaining all quasar-quasar projections.
As there is reasonable scatter in the quasar colorredshift relation (e.g., Richards et al. 2001 ) full photometric redshift (henceforth photoz) information should better select binary quasars. To test this, we consider the primary "CZR" photoz solution (Weinstein et al. 2004 ; "z phot range" in Tables 1-2) for each quasar in our sample. We determine the overlap fraction of the primary photoz solutions of the two quasars in a pair, multiplying by the probability that the quasar occupies that primary peak.
The completeness and efficiency of a binary quasar sample obtained by considering photoz overlap are plotted in the lower-left panel of Figure 3 . Confirmed nonbinaries typically have no photoz overlap. A probability cut at > 3% overlap will return 90% of binaries and is 73% efficient. The two binaries that are missed are the "ambiguous" SDSSJ1235+6836A,B, and SDSSJ1637+2636A,B, the "A" component of which has a poorly behaved photoz solution. If one additionally observed all candidates that contained a quasar with a poor photoz (characterized by a probability of < 0.5), 95% of binary quasars would be observed at 69% efficiency. Of course, although cutting on photoz overlap is a more efficient mechanism for selecting binaries, it does so at the expense of projected quasar pairs. A cut at < 3% overlap could therefore be used to discard binary quasars in favor of projected pairs.
In conclusion, if a survey's goal is to select both binary quasars and projected quasar pairs, a cut of χ 2 color ∼ < 70 (after first applying an efficient photometric quasar classification technique such as KDE) will return 97% of binaries, lenses and projected pairs (multiplied by, e.g., the 95% completeness of the KDE technique itself), at 93% efficiency. This is hardly surprising, and simply further confirms that the KDE technique is ∼ 95% efficient (Richards et al. 2004; Myers et al. 2006 Myers et al. , 2007a . Cuts of χ 2 color ∼ < 20, or stricter, may be necessary without prior KDE photometric classification but will miss ∼ > 33% of all binary quasars. Interestingly, 2 (∼ 10%) of the DR4 KDE binary quasars (and one lens!) have more dissimilar colors than any of the quasar-quasar projections, hinting that physical interactions may affect the colors of a few binary quasars. If a survey goal is observing only binary quasars, a cut of > 0.03 in the overlap of the two quasars' photozs is superior to χ 2 color selection. We stress that this analysis applies only to quasars pre-selected using an efficient photometric classification technique.
PROJECTED QUASAR CLUSTERING AT 25 h −1 kpc
With our new observations (Table 1b and 1d), we have now identified all DR4 KDE binary quasar candidates with A g < 0.17, g < 20.85 and 3.9 ′′ < ∆θ < 5.2 ′′ . In Table 4 we compile the binaries that meet these criteria. The three possible lenses in this subsample are wideseparation (∆θ ≥ 4.5 ′′ ), making them likely binaries. As our sample is complete over 3.9 ′′ < ∆θ < 5.2 ′′ , it is also effectively complete for quasars in SDSS DR4 with separations on proper scales of 23.7 < R prop < 29.7 h −1 kpc over 1.0 < z < 2.1.
We study quasar clustering using the DD/DR estimator (e.g., Shanks et al. 1983 ) for quasar-quasar (QQ) pair counts compared to expected quasar-random (QR) pair counts
Higher-order corrections (e.g., Landy & Szalay 1993) , reduce to Equation 3 for the small scales and large volumes we consider. We use small-number Poisson errors from Gehrels (1986) . Poisson errors are valid on small scales where pair counts are independent (e.g., Croom & Shanks 1996; Myers et al. 2006) . As our clustering sample is a subset of all SDSS DR4 photometric objects, our selection function is very simple. We calculate QR in Equation 3 by constructing a catalog of random points with the same angular coverage as SDSS DR4, correcting the SDSS data for mask holes, as in Myers et al. (2006 Myers et al. ( , 2007a . We further limit our random catalog to areas of the sky with Galactic absorption A g < 0.17. We assign random points a redshift according to a fit to the normalized redshift distribution of (A g < 0.17, g < 20.85) quasars in the DR1 catalog (Schneider et al. 2003) , from which the DR4 KDE quasar classification is trained. Figure 7 of Myers et al. (2006) is similar to this redshift distribution, and Myers et al. (2006) argue that including additional quasars that overlap the KDE color space minimally impacts this N (z) distribution. To represent our fit, we use a modified Gaussian
and find a best fit withz = 1.4, σ = 0.6, β = 0.65 and n = 3 (see also Myers et al. 2007a) . We have repeated our analyses instead using a spline fit, and our results differ by ∼ < 2%.
To determine QR in a given bin we use a random catalog with 1000 times as many points as the (A g < 0.17, g < 20.85) KDE DR4 photometric quasar catalog. We total all QR counts in the angular bin of interest, and normalize the result (divide by 1000). We then create a random catalog with points distributed according to Equation 4, and determine the fraction of pairs that would lie within |∆v | < 2000 km s −1 by Monte Carlo sampling to 0.1% precision. Multiplying this fraction by the normalized QR counts yields QR . In a bin of 3.9 ′′ < ∆θ < 5.2 ′′ we expect 30.3 QR counts. Over our full N (z), we expect 0.0166 pairs with |∆v | < 2000 km s −1 . Thus QR = 0.503, compared to QQ = 16 for the 8 (nonunique) pairs in Table 4 . The implied projected correlation function averaged over 3.9 ′′ < ∆θ < 5.2 ′′ is thus W p = 30.8±
15.7 11.0 . We note that, for all candidate pairs, QQ(3.9 ′′ < θ < 5. One of the pairs (SDSSJ1507+2903) in Table 4 has |∆v | < 2100 km s −1 . We reasonably include this pair in our analysis, given the precision of our redshift estimates. Instead rejecting SDSSJ1507+2903 and assuming QQ = 14 would lower our estimate of W p by ∼ 10%. The |∆v | < 2000 km s −1 limit from H06 is intended to bracket possible shifts in quasar lines, and thus incorporate possible errors on |∆v | but is otherwise arbitrary. Although our Monte Carlo sampling of |∆v | < 2000 km s −1 pairs does not model any error in |∆v |, relaxing this velocity window to |∆v | < 2100 km s −1 would imply QR = 0.533 for QQ = 16, lowering our W p estimate by ∼ 5%. As the change in W p implied by relaxing our velocity criterion is far smaller than our errors on W p , we proceed including SDSSJ1507+2903 in our analyses and maintaining |∆v | < 2000 km s −1 in our Monte Carlo sampling.
We apply our approach to different redshift ranges by weighting the number density of points in the initial calculation of QR by the relative fraction of DR4 KDE quasars obtained by integrating under Equation 4. We can thus determine QR over 1.0 < z < 2.1, for which our sample is spatially complete on scales of 23.7 < R prop < 29.7 h −1 kpc. In Figure 4 we compare the small-scale clustering of quasars determined from our complete DR4 binary quasar sample to the results from H06. In the left-hand panel, we consider our calculation for all quasars in Table 4 , and project the result for both proper and comoving scales by placing all binaries at the mean proper or comoving distance of our sample. In the right-hand panel, we consider binaries in Table 4 with 23.7 < R prop < 29.7 h −1 kpc and 1.0 < z < 2.1. We additionally include SDSSJ1635+2911 in this second sample, as we are spatially complete for component separations of 23.7 < R prop < 29.9 for 1.03 < z < 2.1. Figure 4 demonstrates that our results, using a complete, statistical sample of UVX binary quasars are broadly consistent with H06. To compare with H06 we fit power laws, displayed in Figure 4 , out to proper (comoving) scales of < 100 h −1 kpc (< 200 h −1 kpc), and integrate them over our scales of interest. At the mean redshift (z = 1.40) of our sample, 3.9 ′′ < θ < 5.2 ′′ , the range for which our sample is complete, is equivalent to proper (comoving) scales of 23.5 h −1 kpc < R prop < 31.4 h −1 kpc (56.5 h −1 kpc < R < 75.3 h −1 kpc). Over this angular range, we find W p = 30.8± 15.7 11.0 for our data. The proper (comoving) power-law fit to the data from H06, implies W p = 55.1 (60.4) over the same scales, a 1.5σ (1.9σ) difference. The difference is slightly more pronounced if we determine W p for the H06 data at the mean scale of the 8 binaries in our sample, instead of projecting 3.9 ′′ < θ < 5.2 ′′ back to z = 1.4. For the 5 binaries in our spatially complete clustering subsample, which covers scales of 23.7 h −1 kpc < R prop < 29.9 h −1 kpc, we find W p = 24.0± 16.9 10.8 , and the H06 data implies W p = 57.2, 2.4 times (and 2.0σ) higher than our result.
DISCUSSION
We find that the projected correlation function of quasars at proper scales of ∼ 25 h −1 kpc has an amplitude a factor of 2.4 times lower than that determined by H06. H06 argue that clustering on these scales is ∼ 10 times higher than expected from projecting the quasar autocorrelation of Porciani et al. (2004) to smaller scales. Our data thus imply excess quasar clustering at ∼ 25 h −1 kpc of a factor of ∼ 4, consistent with the quoted upper limit in M07b. Given that our sample is targeted differently than any previous samples of binary quasars (i.e. UVX but otherwise regardless of the color similarity of the candidate components), and given our simple selection function, our work might be viewed as independently corroborating the evidence for excess quasar clustering on small scales first detected in H06. We note that our binary quasar clustering subsample is largely independent of the sample used by H06, as of the 8 binaries listed in Table 4 only 2 appear in Table 2 .
At R prop ∼ 25 h −1 kpc we find a significantly smaller clustering amplitude than found by H06. As the binaries in Table 4 are all at z < 2 but H06 include several R prop ∼ 25 h −1 kpc binaries with z > 2, an interesting possibility is that W p is a function of scale and redshift. Certainly, on large scales ( ∼ > 1 h −1 Mpc), quasars cluster twice as strongly at z > 2 than at z < 1 (e.g., Croom et al. 2005; Shen et al. 2007 ). The mean redshift of the H06 sample isz = 1.87 (J. Hennawi 2007, private communication) compared toz = 1.42 for our sample in Table 4 . Croom et al. (2005) estimate quasar bias on large (i.e., ∼ > 1 h −1 Mpc) scales to follow b(z) = 0.53 + 0.289(1 + z)
2 . Given that quasar clustering scales as b 2 , the implied relative amplitude between quasar clustering in H06 and our sample is ∼ 1.72. Scaling our measurement of W p = 30.8± 14.9 , lower than W p = 57.2 but consistent to ∼ 1σ. Thus, multiplying our quasar clustering amplitudes on small scales by the implied bias evolution from quasar clustering on large scales somewhat reconciles our clustering amplitudes with the higher redshift results from H06. Consistent evolution of quasar clustering on large and small scales is a natural feature of merger-driven models of quasar origin (e.g., Figure 17 of Hopkins et al. 2007b) .
We can also look for direct redshift dependence within our sample. Splitting the sample in Table 4 at z = 1.55, we find W p = 27.9± 22.9 13.9 for z < 1.55 (z ∼ 1.07) and W p = 34.9±
28.4 17.2 for z > 1.55 (z ∼ 1.76). Although these results seem consistent, the mean separation of the binaries at z < 1.55 (z > 1.55) is R prop = 23.8 (28.4). The power law fits displayed in Figure 4 imply that we should therefore expect quasars to be ∼ 30% more clustered at z < 1.55 than at z > 1.55. Incorporating this ∼ 30% correction, we measure the ratio of the amplitudes of W p at z > 1.55 and z < 1.55 to be 1.62 ± 1.54. Although not a very significant detection, a factor of 1.62 ± 1.54 is again consistent with quasar clustering evolution on large scales, as a b(z) = 0.53 + 0.289(1 + z) 2 bias relation implies a ratio of ∼ 2.4 between the amplitudes of W p at z = 1.76 and z = 1.07.
Our analyses could be easily extended, as the 98 (3 ′′ ≤ ∆θ < 6 ′′ ) DR4 KDE binary quasar candidates should contain ∼ 40 binary quasars. Based on our W p estimates, such a sample is the minimum necessary to detect any redshift dependence to quasar clustering at R prop ∼ 25 h −1 kpc, providing only a ∼ 1.5σ detection. Completing this sample on a 4-meter class telescope would likely require dark time, as 14 of the DR4 binary candidates have a component at g > 21. Alternatively, Shen et al. (2007) suggest a survey of quasar pairs at z > 3, where stronger quasar clustering may lead to a more significant detection of evolution. The DR6 KDE quasar catalog (Richards et al, in prep) , which will be selected to i < 21 (g ∼ < 21.25), should contain ∼ 500 binary quasar candidates across a large redshift range (0.4 ∼ < z ∼ < 5) with which to pursue this goal in a single homogeneous sample.
CONCLUSIONS
We have presented a spectroscopic survey of binary quasar candidates with separations in the range 3 ′′ ≤ ∆θ < 6 ′′ . Our candidates (see Table 1 of M07b) are a subsample of quasars photometrically classified in SDSS DR4 using the KDE technique of Richards et al. (2004) . We define a binary as a quasar pair with a line-of-sight velocity difference of |∆v | < 2000 km s −1 (see H06). We present 27 new sets of observations and identify both members of 22 candidate binary quasars. Of the 22 new pairs, 10 turn out to be binary quasars (of which ∼ 2 might actually be lenses). This roughly doubles the number of known binary quasars with 3 ′′ ≤ ∆θ < 6 ′′ at z ∼ < 2 and g < 21. A further 9 of our observed candidates are projected quasar pairs, and 3 contain a NELG or star. This confirms that the KDE technique is ∼ 95% efficient at selecting quasars (e.g., Richards et al. 2004; Myers et al. 2006 Myers et al. , 2007a . Combined with observations from the literature (mainly from H06), 46% of the DR4 KDE binary quasar candidates have now been observed, of which ∼ 47% are binaries or lenses, ∼ 40% are projected quasar pairs, and the remainder contain a nonquasar.
As our candidate binaries, beyond a UVX cut, are selected regardless of the relative colors of the quasars in the pair, we can try to assess the color similarity criteria that optimally select binary quasars. For quasars preselected with an already efficient approach such as the KDE technique, we find that a χ 2 color similarity statistic of χ 2 color < 70 will return 97% of binaries, lenses and projected pairs (multiplied by the 95% completeness of the KDE technique itself) at 93% efficiency. Most of this efficiency in selecting quasar pairs comes from the KDE technique itself, as imposing no color similarity criterion is 87% efficient. To select binary quasars, while rejecting projected quasar pairs, we recommend a cut in the overlap of the photometric redshifts of the two candidate quasars in a pair. An overlap of ∼ > 0.03 in the primary solution for the photometric redshift probability density functions of the pair can be constructed to be ∼ 95% complete and ∼ 70% efficient for binary quasars. Similarly, of course, the reverse probability cut of ∼ < 0.03, perhaps coupled with a χ 2 color < 70 cut to remove stars, can be used to reject binary quasars in favor of projected quasar pairs.
We measure the clustering of a complete sample of DR4 binaries on proper scales of 23.7 < R prop < 29.7 h −1 kpc. We find that, at ∼ 25 h −1 kpc, quasars cluster with an amplitude 2.4 times, or 2.0σ, lower than determined by H06. As the mean redshift of the H06 sample isz = 1.87 compared toz = 1.40 for our sample, this can be interpreted as evidence of evolution in quasar clustering on scales of ∼ 25 h −1 kpc. The implied evolution is broadly consistent with merger-driven models, where the quasar population is expected to evolve with consistent largeto-small scale clustering (e.g., Hopkins et al. 2007b ). We find no significant evidence for quasar clustering evolu-tion at ∼ 25 h −1 kpc, fromz ∼ 1.07 toz ∼ 1.76, in our sample alone. Assuming evolution in the binary quasar population at the level suggested by our current sample, we argue that the 98 quasars in the DR4 KDE candidate binary sample will detect any clustering evolution at proper scales of ∼ 25 h −1 kpc at ∼ 1.5σ significance. A sample of ∼ 200 candidates (∼ 80 binary quasars) will be necessary to definitively detect clustering evolution at ∼ 25 h −1 kpc for z ∼ < 2.5.
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Funding for the SDSS and SDSS-II has been provided by the Alfred P. Sloan Foundation, the Participating Institutions, the National Science Foundation, the U.S. Department of Energy, the National Aeronautics and Space Administration, the Japanese Monbukagakusho, the Max Planck Society, and the Higher Education Funding Council for England. The SDSS Web Site is http://www.sdss.org/. The SDSS is managed by the Astrophysical Research Consortium for the Participating Institutions. The Participating Institutions are the American Museum of Natural History, Astrophysical Institute Potsdam, University of Basel, Cambridge University, Case Western Reserve University, University of Chicago, Drexel University, Fermilab, the Institute for Advanced Study, the Japan Participation Group, Johns Hopkins University, the Joint Institute for Nuclear Astrophysics, the Kavli Institute for Particle Astrophysics and Cosmology, the Korean Scientist Group, the Chinese Academy of Sciences (LAMOST), Los Alamos National Laboratory, the Max-Planck-Institute for Astronomy (MPIA), the MaxPlanck-Institute for Astrophysics (MPA), New Mexico State University, Ohio State University, University of Pittsburgh, University of Portsmouth, Princeton University, the United States Naval Observatory, and the University of Washington. Fig. 1. -Two of the five quasar pairs in our DR4 KDE sample that require higher resolution spectroscopy to determine whether they are binary quasars or a lensed quasar. These spectra were taken with the R-C Spectrograph on the Mayall 4-m at KPNO at a resolution ∼ 5Å, and have been smoothed with a 5 pixel boxcar. SDSSJ1158+1235A,B and SDSSJ1606+2900A,B are our two most likely lens candidates, based on their similar colors and component separations of ∆θ < 4 ′′ . In both panels, component A is the upper spectrum and component B has been offset, which can cause component B to have a flux density below zero. In each case, both components are, in reality, at nearly identical flux levels. Table 1d is derived assuming the emission line near 3900Å is C IV, and is close to the red side of these windows (z = 1.529). At red wavelengths, component A resembles an M star. The cumulative probability distribution of the χ 2 color color similarity statistic (Equation 1) for the 45 spectroscopically observed DR4 KDE candidate binary quasars, the 53 that are not yet observed, and for all 98 candidate pairs. Upper-right: Similar to upper-left, but for the 21/45 observed candidates that are binary quasars (or lenses), for the 24/45 that are not binaries and for the 18/45 quasar pairs at disjoint redshifts. Lower-left: The selection completeness and efficiency effects of imposing a χ 2 color limit on the 45 observed DR4 KDE candidate binaries. Efficiency is (number of binaries < χ 2 color )/(total candidates < χ 2 color ); completeness is (number of binaries or lenses < χ 2 color )/21. Lower-right: Similar to lower-left, but using the fractional overlap of the photometric redshift solutions for the candidate components (z phot ) as the determinant of binary selection. Note that more overlap in photometric redshift implies greater color similarity. The results of H06 in proper (lower axis) and comoving (upper axis) coordinates are compared to our mean DR4 KDE spectroscopic results averaged over 3.9 ′′ < ∆θ < 5.2 ′′ and projected to a mean transverse separation at z = 1.4 (the mean redshift of both the DR4 KDE quasar sample and the subset of 16 quasars listed in Table 4 ), in proper (open triangle) and comoving (solid triangle) coordinates. The dashed (solid) line shows a power law fit to the H06 data on proper (comoving) scales < 100 h −1 kpc (< 200 h −1 kpc). Right: A similar comparison but our data are now averaged over scales of 23.7 < Rprop < 29.7 h −1 kpc and redshifts of 1.0 < z < 2.1. The DR4 KDE binary quasar sample is spectroscopically complete for Ag < 0.17, g < 20.85, and 3.9 ′′ < ∆θ < 5.2 ′′ , and for 23.7 < Rprop < 29.7 h −1 kpc over 1.0 < z < 2.1. 1). The photometric redshifts z phot are expressed as "lowest extent, peak, highest extent, probability of true redshift lying in this range". The "SDSS z" column shows matches to any spectroscopic object in the SDSS DR6 Catalog Archive Server (mainly, e.g., Schneider et al. 2007 ). The "Our z" column lists our new spectroscopic confirmations from KPNO data. In the "SDSS z" and "Our z" columns the object is a quasar at the provided redshift, unless otherwise noted. Redshifts labeled with a ? are based on a single emission line, which is reasonably assumed to be Mg II. g is not corrected for Galactic extinction. • . A preceding * denotes that our spectroscopy alone is insufficient to rule out a lens interpretation for this pair (see §2.2.1). SDSSJ1320+3056A first appeared with a confirmed redshift (z=1.587) in Veron-Cetty et al. (2004) . g is not corrected for Galactic extinction. See Table 1a for additional notes describing shared notation. Note. -SDSSJ112556.32+143148.0, the NELG, has redshift z=0.246. Subsequent to our observations, SDSSJ094309.36+103401.3 appeared in Inada et al. (2007) , with z = 1.433. g is not corrected for Galactic extinction. The redshift for SDSSJ123122.37+493430.7 is based on a single C IV emission line, with weak confirming C III]. See Table 1a for additional notes describing shared notation. Note. -It is possible that a few more objects listed as "Likely binary quasars" may turn out to be a lensed quasar when scrutinized at higher resolution. Note. -The DR4 KDE binary quasar candidate sample is now spectroscopically complete for component separations 3.9 ′′ < ∆θ < 5.2 ′′ for g < 20.85 in regions with Galactic absorption Ag < 0.17. 20 pairs meet these criteria, and 8 of them are (the listed) binary quasars. A * denotes a possible lens (see note in Table 1b ). Rprop (R) is the transverse proper (comoving) separation (h −1 kpc). |∆v | is the line-of-sight velocity difference (km s −1 ). The final column " Table" denotes where we first listed these binaries. The 5 listed binaries with transverse separations of 23.7 ≤ Rprop ≤ 29.9 represent a spatially complete subsample for redshifts of 1.03 < z < 2.10.
